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(57) Abstract 

A positional locating method and apparatus (10) for measuring distances by accurately determining the transit time of ul- 
trasonic wave bursts (22) between two or more points is disclosed. Timer clocks (60), (62), (64) and (66) are started when each of 
the bursts (22) is triggered to be emitted from a transmission point (14), and are stopped when a highly defined point (56) in the 
burst (22) is received at a corresponding receiving point (32). (34), (36) and (38). The highly defined point (56) is determined by 
first analyzing the burst (22) to identify a particular cycle (54) within the burst (22). That particular cycle (54) is then analyzed to 
detect the specific point (56) within the cycle (54). Use of multiple transmitters (9312), (9314) and (9316) or receivers (932), (934) 
and (936) permits the calculation of position within two or three physical dimensions using ordinary trigonometric calculations. 
The inventive method also has sufficient resolution to permit the calculation of attitudinal data by detecting very fine positional 
differences in a plurality of reference points located at relatively close distances on a movable marker device (912). An input de- 
vice of the present invention comprises a control means, a transducer means, and a mouse. In a 6D mode of operation, three-di- 
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ULTRASONIC POSITION LOCATING METHOD AND APPARATUS THEREFOR 



BACKGROUND 

The present invention relates generally to 
position sensing devices and more particularly to a means 
for using ultrasonic signals to locate a reference device in 
three dimensions and /or to detect the attitudinal 
orientation of the reference device. The predominant 
current usage of the ultrasonic position locating device of 
the present invention is for digitizing positional 
information as a means of data input into a digital 
computer, for controlling a cursor on a video display of a 
computer and the like. 

As the power of computers has rapidly increased, 
it has become obvious that a major limitation to the 
usefulness of computers involves the difficulty of entering 
data. As a result, numerous devices and schemes for data 
input and user interface have been developed. Many of these 
have utilized the idea of transferring positional 
information into digital format. Usually, a pointer or 
other device, sometimes called a marker, is used as an 
instrument for indicating the position of interest (although 
some devices have sought to detect the position of a pointed 
finger, or the like) . A distinction is sometimes made 
between "mouse" type devices which control a cursor on a 
computer screen relative to marker movements and "digitizer" 
devices which impart positional data to a computer based 
upon marker position within a work surface area or the like. 
However, such a distinction primarily reflects differences 
in applications rather than in the devices themselves. 
Indeed, while a mouse type application generally does not 
require the high resolution or accuracy required of a 
digitizer type application, if a position locating devices 
is sufficiently accurate, it might be used in either type of 
application with appropriate supporting software. 

Some such devices have employed any of several 
common intermediate steps. For instance, positional 



information has first been converted into variations of 
capacitance, voltage, inductance, frequency, signal phase, 
or the like. The intermediate analog is then converted, by 
conventional means, into a digital signal of a format 
suitable for digital computer input. This sort of 
positional "digitizer" has been universally accepted as a 
valuable input device type in many applications. The 
complication in this scheme is that it has proven to be very 
difficult to accurately interpret the position of a marker 
and to convert it into an intermediate analog. Among the 
many methods which have been used for this purpose have been 
devices which rely upon variations in magnetic field 
strength and those which convert mechanical position into an 
electrical analog by means of movable coils or the like. 
This brief overview by no means purports to be a complete 
listing of the means which have been employed in the field, 
but each such means has suffered from at least one problem 
which has made it less than totally desirable. For 
instance, devices which rely upon variations in magnetic 
fields are overly susceptible to interference from stray 
fields, and electromechanical devices are prone to wear out 
or break, and are usually bulky and/or difficult to 
manipulate. 

One solution that has been tried involves the use 
of ultrasonic waves. Briefly, since the speed of sound in a 
given environment can be determined with considerable 
accuracy, the time which it takes a sound wave to travel 
between two points is a good indicator of the distance 
between those points. Therefore, if a sound is emitted from 
a movable marker and the time taken for that sound to travel 
to two stationary receivers is determined, the relative 
position of the marker in two dimensions can be ascertained 
using simple trigonometric calculations. Use of three 
stationary references can allow three dimensional analysis. 
The same principles also apply if the transmitter/receiver 
functions are reversed, with the stationary references being 
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the transmitters and the movable marker being the receiver. 
An example of this type of position determining apparatus is 
found in U.S. Patent No. 4,758,691 issued to De Bruyne. 

By way of example, De Bruyne and related prior art 
teach that ultrasonic pulses can be usei to calculate 
distance by starting a high speed counter simultaneously 
with the emission of a pulse from a movable marker, and then 
stepping the counter when the pulse is received at one or 
more stationary positions. Further, since the speed of 
sound will vary somewhat with temperature and barometric 
pressure, in order for this measurement to be more accurate, 
some prior art methods have included means for adjusting 
measurements to correspond to the speed of sound under 
extant conditions. A common method has been to use a 
thermistor to determine ambient temperature, and to adjust a 
variable quantity accordingly in subsequent calculations. 

While the sound wave pulse timing method has been 
widely employed in a variety of forms, it is recognized that 
certain qualities of sound waves and of the environments in 
which such devices are used impose appreciable limitations 
on the potential accuracy of such devices. The most t .sic ^ 
such limitation involves the difficulty of precisely 
detecting a specific point in a received pulse which can be 
used as an accurate marker point in the signal. The 
solution taught by De Bruyne was to use a rapidly rising 
initial wave shape to create an acoustic shock wave. While 
this solution did offer an increase in attainable resolution 
it also created an undesirable audible tone at the frequency 
of repetition of the shock wave, and the resolution was 
still not as precise as is desired for many applications. 

Yet another approach is exemplified by the 
teachings of U.S. Patent No. 4,862,152 issued to Milner. 
Milner teaches a method for approximating the detection of a 
point in a series of individual cycles of a wave form within 
a pulse using a low pass filter to create an envelope wave 
shape of the pulse. A relative magnitude of this envelope 



is then used as a trigger point. Of course, since the 
accuracy of this method is entirely dependent upon the 
recognition of the appropriate trigger point magnitude, and 
since the magnitude of a received sound pulse falls off with 
the square of the distance over which it must travel, a 
means must be included for adjusting for the distance the 
sound pulse must travel. Milner used, for this purpose, a 
ramp voltage which increased in magnitude with time. The 
ramp voltage was then used to modify the gain of a receiving 
amplifier such that, the longer was the time between 
emission and reception of the pulse, the greater was the 
instantaneous gain of the amplifier. While this method has 
provided several significant advances in the field, it is 
still not as accurate as might be desired, since it does not 
identify with sufficient precision an exact point within a 
received pulse to accurately trigger the stopping of 
counters. Furthermore, this method is still quite prone to 
error caused by ambient noise interference, since it is 
entirely magnitude dependent. 

All of the prior art methods for determining 
position using ultrasonic waves or pulses within the 
inventor's knowledge have not been capable of the fine 
resolution of which the present invention is capable, and/ or 
have been less reliable than the inventive method, and/or 
have produced undesirable side effects such as unwanted 
audible noise. 

No prior art positioning determining methods to 
the inventor's knowledge has successfully provided a means 
for determining position with sufficient high resolution to 
allow attitudinal measurements or to allow positional 
measurement to the degree of accuracy desired for many 
applications. All successful applications to date have been 
either too inaccurate or too unreliable for practical 
application. 

Users of a computer typically enter input using 
either a keyboard or a pointing device. The latter, which 
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is of particular interest to the present invention, includes 
such well-known devices as mice, joy sticks, track balls, 
light pens, and the like. 

The operation of "mice" is typical of pointing 
devices. Movement of a mouse, which is typically held in 
the user ' s hand, causes a position indicator (cursor) on a 
video display connected to the computer to move in 
relatively the same direction and magnitude. The mouse 
usually includes a pair of transducers which detect the 
movement of the mouse in two orthogonal directions; in turn, 
these motion signals are supplied to the computer. In 
addition, mice often include two or three keys which can be 
depressed for supplying additional signals to the computer, 
e.g., for selecting choices from a displayed menu. 

There are two basic types of mice: mechanical and 
optical. Mechanical mice employ an inverted track ball or 
"rollerball" which is rolled across a desk or other planar 
surface by the user. Two rollers touching the ball record 
its movement along X and Y axes. As the rollers rotate, 
encoders make and break electrical contact and send 
corresponding electrical pulses that the computer can use to 
track movement. Alternatively, some mechanical mice forego 
the rollerball and instead employ two rollers which protrude 
from the bottom of the mouse to sense the X and Y 
directional movements directly. In either, case friction 
(mechanical) contact is made with a planar surface, with 
movement along that surface generating motion signals. 

Optical mice, on the other hand, employ a special 
reflective mouse pad instead of a rollerball. An optical 
mouse has two LEDs that shine two light beams, one red and 
one infrared, onto the mouse pad. Reflected light beams re- 
enter the mouse through lenses which focuses the light onto 
photodetectors . As the mouse move the pad alternately 
absorbs and reflects light; blue lines on the pad absorb the 
red light while black lines absorb the infrared light. The 
photodetectors detect the "makes" and "breaks," which the 
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mouse converts to signals for the computer. 

An optomechanical mouse, a hybrid, employs both 
mechanical and optical means to detect movement. Like the 
mechanical mouse, the optomechanical mouse employs a 
rollerball. Instead of using electrical contacts, however, 
the optomechanical mouse uses two LED/ phot odetector pairs to 
detect movement along X and Y axes. As the roller rotates, 
the encoders alternately make and break light beams which 
shine between each LED/photodetector pair. Corresponding 
electric signals are sent to the computer to describe the 
motions of the mouse. 

Regardless of the type, all of the foregoing mice 
generate motion signals by dragging a mouse device across a 
flat surface, such as a desk top. Commonly, a corresponding 
display cursor moves across the video display. Typically, 
though, the cursor tracks the relative movement of the 
mouse, not its absolute or physical movement. To allow the 
user to move the cursor with some precision, the ratio of 
mouse movement to cursor movement (mouse "sensitivity") is 
usually much less than one. In other words, a large mouse 
movement is mapped as a small cursor movement on the screen. 
This allows better fine motor manipulation of the cursor on 
the screen. 

Occasionally, however, the user will want to move 
the cursor across a large screen distance, for example, from 
one side of the display to another. This is accomplished by 
"stroking" the mouse: repeatedly dragging the mouse across 
the desk top in a stroking fashion. In between each stroke 
(i.e., during back stroke), the mouse is lifted off the desk 
so that mechanical or optical contact is lost. Since no 
motion signals are generated during the reverse or back 
stroke, the cumulative effect is movement of the cursor in 
the stroke direction only. 

In addition to the basic mouse design, a variety 
of other computer input designs are known. U.S. Patent No. 
4,654,64 8, for example, describes a position control system 
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having a wireless moveable "steering means" which emits 
acoustic signals, tracking means for receiving the acoustic 
signals and determining the position of the steering means 
by hyperbolic triangulation, and means for communicating the 
position of the steering means to a video display terminal. 
U.S. Patent No. 4,578,674 describes a wireless cursor 
position device which operates by transmitting and receiving 
ultrasonic and infrared signals between the device and a 
control base. The control base includes an infrared emitter 
and at least two ultrasonic detectors; for three-dimensional 
(3-D) cursor control, additional ultrasonic detectors are 
required. 

Cordless or wireless variants of input devices are 
known. U.S. Patent No. 4,550,250, for example, describes a 
cordless input device which includes a pulse-driven light 
source whose duty cycle is controlled for conveying 
information. The detector has a housing with two spaced- 
apart optical slits for passing planes of infrared light 
onto concave light guides. The light guides, along with 
photoelectric sensors, produce positionally dependent, 
analog signals. The signals are processed by a 
microprocessor to determine the Cartesian coordinates of the 
device. U.S. Patent No. 4,754,268 also describes a cordless 
input device. The cordless mouse indicates movement of the 
device on a planar surface by transmitting radiowaves to a 
host computer. 

The keys of mouse devices have also been refined. 
U.S. Patent No. 4,994,795, for example, describes a mouse 
input device having a plurality of programmable keys, with 
one embodiment including forty keys. A program controls the 
input device so that key signals are given priority. In the 
event that both key and motion signals occur, the key 
signals are supplied to the computer. If no key signal 
occurs, however, then motion signals are converted into key 
signals and are supplied to the computer. While the 

prior art includes input devices having a variety of 
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configurations (e.g., mouse, stylus, track ball, and the 
like) and means for communicating movement to a computer 
(including both cord and cordless models), the prior art 
input devices are largely confined to conveying two- 
dimensional (2-D) movement, i.e., movement along a planar 
surface. Of those systems which suggest a three- 
dimensional input device, the information conveyed to a 
computer is limited to positional information, i.e., the 
location of the device within an X, Y, and Z coordinate 
system. 

DISCLOSURE OF INVENTION 

Accordingly, it is an object of the present 
invention to provide a position digitizing means which can 
accurately locate a pointer device within at least three 
degrees of freedom. It is another object of the present 
invention to provide a position digitizing means which can 
accurately provide information regarding attitudinal 
orientation in addition to positional information. 

It is still another object of the present 
invention to provide a highly accurate means for distance 
measurement using an ultrasonic wave timing method, which 
will enable fine distinctions capable of conveying both 
positional and attitudinal measurements. 

It is yet another object of the present invention 
to provide a means of making precise distance measurements 
using ultrasonic wave means which does not produce 
irritating audible effects. 

It is still another object of the present 
invention to provide a means for precisely measuring 
distance which is not overly susceptible to error due to any 
ambient noise or interference effects. 

It is a further object of the present invention to 
provide a means of accurately measuring distance using 
ultrasonic waves which is inexpensive to manufacture. 

It is still another object of the present 
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invention to provide a means for converting positional 
information into digital format which can be used for 
positional data input applications as well as for mouse type 
applications • 

It is yet another object of the present invention 
to provide a means for accurately measuring distance for 
computer input which is reliable in operation. 

Briefly, the preferred embodiment of the present 
invention is an ultrasonic position locating method which 
utilizes conventional mathematics and means for determining 
the position of a movable marker relative to a plurality of 
fixed reference points. The present invention differs from 
any prior art in its method for precisely determining the 
exact time elapsed between the triggering of an ultrasonic 
signal and the reception of that signal at a receiving 
position. Also, the present invention is distinguished by 
the fact that it does not produce an unwanted audible signal 
component. The degree of precision provided by the present 
invention allows for the practical application of fine 
distinctions between movable component part positions so as 
to accomplish the interpretation of attitudinal as well as 
positional information. 

The high degree of precision achieved by the 
present invention is accomplished by providing a means for 
identifying a particular one of a series of cycles of an 
ultrasonic wave burst and then by identifying a particular 
point in that cycle. The particular cycle of interest is 
identified by setting an identifying threshold level based 
upon a just previous peak wave amplitude. In the presently 
preferred embodiment of the invention, the zero crossing 
point of the wave cycle of interest is chosen as the 
identification point of interest. While this latter 
decision is somewhat arbitrary, and any particular point on 
the wave could serve as an identifying point, it should be 
noted that the zero crossing point can be somewhat more 
precisely defined than can other points. Further, the zero 
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crossing point can be somewhat more precisely identified due 
to the fact that the slope of the wave cycle is essentially 
vertical with respect to a decision threshold voltage at the 
zero crossing point. Also, this frequency was chosen 
specifically to best match the characteristics of the 
emitting transducer 14. Also, the zero crossing point does 
not vary in time due to changes in amplitude of received 
signal. 

The inaudible quality of the present invention is 
achieved by using an ultrasonic burst which gradually ramps 
up and down, thus preventing the formation of a shock wave 
at the outset of each such burst, which shock wave would be 
audible since the frequency of occurrence of the bursts is 
within the audible spectrum. 

A first presently preferred embodiment of the 
present invention uses a single ultrasonic transmitter 
located on a movable marker and four stationary ultrasonic 
receivers. Three ultrasonic receivers enable the 
calculation of the marker position in three dimensions. The 
fourth stationary receiver, placed in line with two of the 
others, provides a means for measuring the extant speed of 
sound. 

An equally preferred alternate . embodiment of the 
present invention uses three stationary ultrasonic 
transmitters and a single stationary ultrasonic receiver. 
Also, three additional ultrasonic receivers are mounted on a 
single movable marker. The single stationary receiver, 
being placed at a known distance from the stationary 
ultrasonic transmitters, provides a means for measuring the 
extant speed of sound. The combination of stationary 
transmitters and a movable reference with three receiving 
points provides sufficient data points to provide 
information relating to six degrees of freedom (regarding X, 
Y, and Z positional axis as well as pitch, roll and yaw 
attitudinal data) . 

An advantage of the present invention is that a 
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movable marker can be accurately located within two or three 
dimensions with a higher degree of accuracy than has been 
previously practical. 

Yet another advantage of the present invention is 
that positional information can be determined with 
sufficient accuracy to make practical the interpretation of 
attitudinal information as well as positional information. 

Still another advantage of the present invention 
is that precise distance determinations can be made without 
causing unwanted audible side effects. 

Yet another advantage of the present invention is 
that the inventive means for precisely measuring distance is 
not overly susceptible to extraneous noise or interference 
effects . 

Still another advantage of the present invention 
is that the inventive means for accurately measuring 
distance using ultrasonic waves is inexpensive to 
manufacture. 

Yet another advantage of the present invention is 
that the inventive means for accurately measuring distance 
using ultrasonic waves is reliable and consistent in 
operation. 

According to the present invention, apparatus and 
methods are provided for detecting and communicating 
positional and orientation information to a computer. The 
invention is particularly useful for computer systems which 
require attitudinal input in addition to positional input 
within 3-D space. 

The apparatus of the present invention is a 
position and orientation indicating device for use with a 
computer having a video display; the display conveys 
positional and attitudinal or orientation information from 
the input device to the user. The input device includes 
both transmitter and pointer (receiver) apparatus. In one 
embodiment, the transmitter device comprises three 
transducers for generating motion signals from a stationary 
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location. The pointer apparatus, which includes at least 
three microphone elements for receiving the motion signals, 
is a user-held (or worn) pointer which may be moved in 3-D 
space . 

Control circuitry, which is connected to both the 
transmitter and pointer devices, determines a position and 
attitude (i.e., angular orientation) of the pointer. In 
particular, the control circuitry determines the three- 
dimensional position as well as yaw, pitch, and roll from 
the time required (i.e., the propagation delay) for each 
motion signal to reach each of the pointer microphones. 

The pointer device, which is in the form of a 
mouse device in one embodiment, may include a plurality of 
keys which may be activated for supplying user input to the 
device; these inputs are converted into signals and 
communicated to the computer. 

Alternate embodiments of the present invention are 
also described. In one alternate embodiment, for example, 
the pointer device is in the form of a head tracker which 
may be worn on a user's head. In another embodiment, a 
plurality of pointer devices are provided for simultaneously 
tracking the position and attitude of several pointers in 3- 
D space; pointers may be conveniently worn on the head and 
each hand of the user. 

These and other objects and advantages of the 
present invention will become clear to those skilled in the 
art in view of the description of the best presently known 
modes of carrying out the invention and the industrial 
applicability of the preferred embodiments as described 
herein and as illustrated in the several figures of the 
drawing. 

BRIEF DESCRIPTION OF THE DRAWING 

Fig. 1 is a block schematic diagram of the 
presently preferred embodiment of an ultrasonic position 
locating device for accomplishing the present inventive 
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method; 

Fig. 2 is a wave form diagram representing a 
single ultrasonic burst as produced using the present 
invention; 

Fig. 3 is a wave form diagram showing the 
separation in time of bursts of ultrasonic waves, according 
to the present 

Fig. 4 is a schematic diagram of an analog signal 
processing section according to the present invention; . 

Fig. 5 is a schematic diagram of an analog sample 
and store section according to the present invention; 

Fig. 6 is a wave form representation of a peak 
follower output signal as produced within the best presently 
known embodiment of the present invention; 

Fig. 7 is a wave form representation of a half 
wave processed signal as produced within the best presently 
known embodiment of the present invention; 

Fig. 8 is a wave form representation of a summed 
half wave signal as produced within the best presently known 
embodiment of the present invention; 

Fig. 9 is a block schematic diagram of an equally 
preferred alternate embodiment of an ultrasonic position 
locating device according the present invention; and 

Fig. 10 is a schematic diagram of an analog sample 
store section as used in the equally preferred alternate 
embodiment of the present invention. 

Fig. 11A is a. block diagram of an input system 
constructed in accordance with the principles of the present 
invention. 

Fig. 11B is a block diagram of a second 
alternative embodiment of the present invention. 

Fig. 11C is a block diagram of a third alternative 
embodiment of the present invention. 

Figs. 12A-B are perspective views of reference 
apparatus of the present invention. 

Fig. 12C is a schematic diagram of the reference 
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apparatus of Figs. 12A-B. 

Fig, 13A is a perspective view of a hand-held 
pointer or mouse of the present invention. 

Fig. 13B is a schematic diagram of the pointer of 

Fig. 13A. 

Fig. 14 is a block diagram of a control circuitry 
of the present invention. 

Fig. 15 is a diagram illustrating an active area 
within a virtual space which the device of the present 
invention may operate. 

Figs. 16A-D is a diagram illustrating the 
positional and attitude information which may be processed 
and communicated by the device of the present invention. 

Fig. 17 is a lateral view of another embodiment of 
the present invention which includes a head tracker. 

Fig. 18 is a diagram illustrating the positional 
and orientation information which may be processed and 
communicated by the embodiment of Fig. 17. 

Fig. 19 is a lateral view of yet another 
embodiment of the present invention which includes body 
tracking apparatus. 

DETAILED DESCRIPTION 
I. General Methods and Apparatus 

The best presently known mode for carrying out the 
invention is a digital computer input device having 
ultrasonic transmitting and receiving means and means for 
accurately determining time of travel of an ultrasonic wave 
between the transmitting and receiving means. Further, the 
best presently known embodiment of the present invention 
includes calculating means for determining a position based 
upon the sound wave transit times between the transmitting 
and receiving means. The predominant expected usage of the 
inventive ultrasonic position locating method is in the data 
processing industry, particularly in the data input portion 



WO 92/07346 



PCT/US91/07795 



15 

of interactive computer devices wherein accurate and 
effortless conversion of positional information into 
digital-computer-usable data is desirable. 

The ultrasonic position determining device of the 
presently preferred embodiment of the present invention is 
illustrated in a block schematic diagram in Fig. l and is 
designated therein by the general reference character 10. 
In many of its substantial components, the improved 
ultrasonic position determining device 10 does not differ 
significantly from conventional ultrasonic position 
determining devices. A movable marker 12 having a piezo- 
electric emitting transducer 14 and two momentary contact 
switches 16 is that portion of the position determining 
device 10 which is moved by a user to a position to be 
determined. The two momentary switches 16 constitute a 
conventional appurtenance commonly found on computer input 
devices for providing an additional means of user 
interaction. The switches 16 are connected to a 
conventional switch sensing device 18 which, in turn, 
provides a signal to a computer/calculator 20 when one or 
both of the switches 16 are depressed. The switches 16 and 
the switch sensing device 18 are not unique to the present 
invention, and they have no direct relevance to the present 
inventive method. Further, the selection of the quantity of 
switches 16 to be included is somewhat arbitrary, and the 
inventive method could be practiced with any number of 
switches 16 or with no comparable switches. 

The emitting transducer 14 emits an ultrasonic 
wave burst 22 (Fig. 2) when triggered by a pulse sender 24. 
The pulse sender is itself triggered by a clocking device 26 
which uses conventional means to provide signals to the 
pulse sender 24 to cause tne emitting transducer 14 to emit 
a wave burst 22 (Fig. 2) of the desired characteristics. 

Now beginning a discussion of the relevant 
characteristics of the emitting transducer 14 and the wave 
burst 22 and related matters, the emitting transducer 14 is 



chosen to be of a piezo-electric type because such devices 
have an inherent Q factor which prevents them from instantly- 
attaining maximum signal amplitude. Thus, when signal is 
applied to the piezo-electric transducer 14, signal 
amplitude naturally increases over several cycles, as is 
depicted in the representation of the wave burst 22 of Fig, 
2. This characteristic is desirable in the application 
because the gradual rise in amplitude prevents an acoustic 
shock wave from being formed in front of each wave burst 22 
which would result in the creation of an audible signal 
component at the frequency of repetition of the wave bursts 
22. Furthermore, unlike methods which must employ an 
acoustic shock wave as a reference point, the present 
inventive method makes use of the natural gradual increase 
in signal amplitude provided by a piezo-electric device to 
aid in more precisely identifying a reference point within 
the wave burst 22, as will be discussed hereinafter. 

Referring now again to Fig. 2, it can be seen that 
the wave burst 22 is a short series of individual cycles 28. 
In the presently preferred embodiment of the present 
invention, the frequency of repetition of the cycles 28 
within a wave burst 22 is 22.5 KHz . The pulse sender 24 is 
caused to send at this frequency because it is just outside 
of the normal range of human hearing. Obviously, the lower 
the frequency, the easier it will be to select and analyze 
an individual cycle 28, but a lower frequency would produce 
an undesirable audible sound. The frequency of 22.5 KHz is 
chosen for use in the presently preferred embodiment 10 of 
the present invention because a clock frequency of 90 KHz is 
available within the device, which can easily be reduced to 
90/4 =22.5 KHz. Other ultrasonic or even sonic frequencies 
could be employed to practice the invention. Now referring 
to Fig. 3, wherein is shown a representation of a wave burst 
series 29 having a siequence of wave bursts 2 2 with an 
absence of signal therebetween, it can be seen that each of 
the bursts 22 is separated by a dead air period 30 during 
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which no ultrasonic wave cycles 28 are being produced. In 
the presently preferred embodiment of the present invention, 
the wave bursts 22 are generated at a repetition rate of 100 
Hz. Several considerations are involved in the selection of 
this rate. The repetition rate must obviously not be so 
slow that subtle movements of the marker are lost between 
repetitions. However, the rate should also be selected to 
sufficiently separate the wave bursts 22 in time such that 
echoes and reflections of a previous burst 22 will be 
dissipated prior to emanation of its next following burst 
22, or else interference and false readings will occur. 

In accordance with the consideration just 
previously discussed, it follows that each wave burst 22 
must not be overly long in duration. This means that, while 
it is desirable that the piezo-electric emitting transducer 
14 (Fig. 1) have a Q factor sufficiently large to cause the 
wave burst 22 to ramp up in magnitude over several cycles 
28, the Q factor of the transducer 14 should also not be so 
large that it takes more than just a few cycles 2 8 for the 
wave burst 22 to ramp up or to ramp down. Therefore, the 
inventor has chosen, for the presently preferred embodiment 
10 of the invention, to use a transducer with a wider 
frequency bandwidth and smaller Q factor than many 
commercially available transducers. The emitting transducer 
14 is designed for operation in the 18 KHz to 24KHz range. 
The particular transducer used is commercially available 
from muRata Manufacturing Company, Ltd., 2200 Lake Park 
Drive, Smyrna, Georgia, under the part number MA2 3L3. This 
type device is particularly suitable for the application 
also because, as will be discussed hereinafter, it is 
desirable that, for purposes of practicing the present 
invention, there be some significant difference in magnitude 
between at least some successive cycles 28 within the pulse 
22. Of course, the longer it takes the transducer 14 to 
ramp up to its maximum output, the less probable it will be 
that there will be a recognizable difference in magnitude 
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between successive cycles 28. Therefore, this component 
choice represents a compromise between the necessity that 
the transducer 14 should not reach its peak output magnitude 
immediately upon being stimulated, but neither should it 
take too long to reach its peak output magnitude. 

Referring again to Fig. l f a stationary reference 
frame 31 having a first receiving transducer 32, a second 
receiving transducer 34, a third receiving transducer 3 6 and 
a fourth receiving transducer 38 is provided. In the 
presently preferred embodiment 10 of the invention, the 
receiving transducers 32, 34, 36 and 38 are electret 
microphone elements, which have a low Q factor, and thus 
respond in a relatively linear fashion to any signal 
received, within the relevant frequency range. Also, in the 
presently preferred embodiment 10 of the invention, the 
stationary receiving frame is intended to be placed on a 
table or other work surface (not shown) , although this is 
not critical to the invention. The first, second and fourth 
receiving transducers 32, 38 and 34 lie on a first straight 
line 40, and are placed 9.00 inches (22.86 cm) from each 
other on the receiving frame 27, while the third receiving 
transducer 36 is placed on a second straight line 42 drawn 
through the second receiving transducer 34 and perpendicular 
to the first straight line 40. The third receiving 
transducer 3 6 is positioned 6.00 inches (15.24 cm) from the 
second receiving transducer 34. It will be clear to one 
skilled in the art that these geometries and dimensions can 
be varied but that they must be known, as necessary 
trigonometric calculations must include these known 
relationships in determining the (unknown) position of the 
marker 12, as will be discussed hereinafter. 

After each wave burst 22 is emitted from the 
transducer 14, it is propagated through the air and is 
received at each of the receiving transducers 32, 34, 36 
and 38. Because of propagation delay of the ultrasonic 
signal through air, the time at which the wave burst 22 is 
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received at each of the receiving transducers 32, 34, 36. 
and 38 will vary as an inverse function of the distance of 
the marker 12 from each respective receiving transducer 32, 
34, 36 and 38. 

Signal received at each of the receiving 
transducers 32, 34, 36 and 3 8 is provided to an analog 
signal processing unit 44 which has a first analog signal 
processing section 46, a second analog signal processing 
section 48, a third analog signal processing section 50 and 
a fourth analog signal processing section 52 for processing 
output from the receiving transducers 32, 34, 36 and 38. 
The analog signal processing unit 44 identifies a second 
cycle 54 (Fig. 2) in the ultrasonic wave burst 22, and then 
identifies a zero crossing point 56 immediately following 
the second pulse 54. 

During operation of the position locating device 
10, a signal from the clocking device 2 6 is sent at 1/100 
second intervals, as described above, to the pulse sender 24 
and is also sent to a pulse detector 58. This signal 
triggers the pulse sender to excite the emitting transducer 
14 in the movable marker 12 so as to emit an ultrasonic wave 
burst 22, and also triggers the pulse detector 58 to 
simultaneously start a first distance timer clock 60, a 
second distance timer clock 62 , a third distance timer clock 
64 and a fourth distance timer clock 66 located in a 
distance timer unit 68. 

When the zero crossing point 56 immediately 
following the second cycle 54 is encountered within each of 
the analog signal processing sections 46, 48, 50 and 52, a 
signal is sent to the pulse detector 58 which stops the 
corresponding distance timer clock 60, 62, 64 or 66. 
Thereafter, the computer/ calculator 20 utilizes times 
recorded by each of the distance timer clocks 60, 62, 64 
and 66 to calculate the distance of each of the receiving 
transducers 32, 34, 36 and 38 from the movable marker 12. 
The position of the movable marker 12 relative to the 



receiving transducers 32, 34, 36 and 38 is then calculated 
using ordinary trigonometric calculations according to 
methods utilized in prior art ultrasonic position locating 
methods. In the presently preferred embodiment 10 of the 
invention, the computer/calculator 20 is itself the computer 
into which it is desired to input positional data using the 
inventive device. This is in accordance with conventional 
prior art methods and hardware arrangements. Alternatively, 
one skilled in the art will appreciate that a separate 
computer/ calculator (not shown) could be adapted to perform 
the functions described herein in order to free a primary 
computer (not shown) for other tasks. In the presently 
preferred embodiment 10 of the invention, the distance timer 
clocks 60, 62, 64 and 66 operate at a frequency of 6MHz. 

One skilled in the art will notice that emission 
of a wave burst 22 from the movable marker 12 may not 
correspond exactly in time to the signal produced by the 
clocking device 26 which causes the distance timer clocks 
60, 62, 64 and 66 to start. Further, a portion of the times 
recorded by the clocks 60, 62, 64 and 66 is attributable to 
the time between inception of an emission of a wave burst 22 
and emission of the zero crossing point 56 following the 
second cycle 54 of the wave burst 22. However, since these 
factors remain constant over time (for all practical 
purposes) they are easily accounted for in the calculations. 

In applications wherein relative movement of the 
marker is all that is required, such as those mouse type 
applications wherein the only objective is to allow an 
operator to control movements of a cursor on a computer 
screen, corrections of the calculations to compensate for 
variances in the extant speed of sound might not be 
required. However, the present invention also does provide 
a means for accurately figuring variations in speed of 
propagation of the wave bursts 22 through ambient air, as is 
required in those applications requiring greater precision. 
As was previously explained, in the presently preferred 



WO 92/07346 



PCT/US91/07795 



21 

embodiment 10 of the invention, the first, second and fourth 
receiving transducers 32, 38 and 34 lie on a first straight 
line 40, and are placed 9.00 inches (22.86 cm) from each 
other on the receiving frame 31. As can be readily 
appreciated, it is a matter of simple arithmetic to 
calculate the extant speed of sound using the known 
distances along the straight line 34 and known transit times 
between the emitting transducer 14 and the first, second and 
fourth receiving transducers 32, 38 and 34. This adjustment 
to the distance calculations insures that the high degree of 
precision obtainable by use of the present invention is not 
lost by using an imprecise estimate of the extant speed of 
sound in calculating distance. 

Now beginning a discussion of the method and 
apparatus for determining a precise reference point on the 
wave burst 22, within the analog signal processing unit 44; 
as discussed above, output from the receiving transducers 
32, 34, 36 and 38 is provided to the analog signal 
processing unit 44 which has therein the first analog signal 
processing section 46, the second analog signal processing 
section 48, the third analog signal processing section 50 
and the fourth analog signal processing section 52 for 
processing output from respective receiving transducers 32, 
34, 36 and 38. The analog signal processing section 46 is 
depicted in the schematic diagram of Fig. 4. Each of the 
analog signal processing sections 46, 48, 50 and 52 is 
identical to the others. Therefore, Fig. 4 serves to 
illustrate the design and function of any of the analog 
signal processing sections 46, 48, 50 and 52. 

Signal enters the analog signal processing section 
46 from the first receiving transducer 32 (Fig. 1) at a 
signal input node 70. Power for the first receiving 
transducer 3 2 (Fig. 1) is provided at a microphone power 
input node 72 through a microphone power isolation resistor 
74. A power isolation capacitor 76 is provided to bypass to 
ground any transient or alternating current content in 



supplied power. Signal is then cleaned by a first low pass 
filter 78 having a first low pass filter resistor 80 and a 
first low pass filter capacitor 82, and by a first high pass 
filter 84 having a first high pass filter resistor 86 and a 
first high pass filter capacitor 88, all connected as shown 
in Fig. 4. Signal then proceeds to a first fixed gain 
amplifier 90 having a first JFET operation amplifier (op. 
amp.) 92, a first amplifier input resistor 94, a first 
amplifier biasing resistor 96, a first amplifier feedback 
resistor 98 and a first amplifier high frequency limiting 
feedback capacitor 100. Connection and selection of 
component parts of the first fixed gain amplifier 90 are all 
in accordance with ordinary operational amplifier biasing 
procedures, as illustrated in Fig. 4. Signal from the first 
fixed gain amplifier 90 is then further cleaned by a second 
low pass filter 102 having a second low pass filter resistor 
104 and a second low pass filter capacitor 106. 

Signal is next processed through an automatic gain 
control (AGC) unit 108 having an input coupling capacitor 
110, an AGC low pass filter 112, a voltage controlled 
resistor (VCR) 114 and a second amplifier 116. The AGC low 
pass filter has an AGC low pass filter resistor 118 and an 
AGC low pass filter capacitor 120. The second amplifier 116 
has a second JFET op. amp. 122, a second amplifier biasing 
resistor 124, a second amplifier feedback resistor 126 and a 
second amplifier high frequency limiting feedback capacitor 
128. As can be seen in the schematic of Fig. 4, while the 
first fixed gain amplifier 90 is biased to a ground 
reference 13 0, the second amplifier is biased from an AGC 
bias offset voltage input node 132. One skilled in the art 
will observe that a DC voltage introduced at the AGC bias 
offset voltage input node 132 will also be present at a VCR 
source node 134. This accounts for the inclusion of the 
input coupling capacitor 110, since there is a shift in DC 
level at this point of the circuit. For reasons which will 
be explained hereinafter, the DC voltage present at a VCR 
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gate node 13 6 is approximately +3VDC. Thus, operational 
range on the characteristic curve of the voltage controlled 
resistor 114 is set by the voltage present at the AGC bias 
offset voltage input node 132 (voltage at the VCR gate node 
136 being fixed by other considerations to be discussed 
hereinafter) . The inventor has found that the voltages 
given herein provide an optimal operational range for the 
VCR4N type voltage controlled resistor 114 used in the best 
presently known embodiment 10 of the present invention. 

Inclusion of the AGC low pass filter 112 improves 
the functioning of the AGC unit 108 by tapping off any stray 
high frequency noise at the VCR gate node 136 so that such 
noise will not be amplified by the operation of the voltage 
controlled resistor 114. 

It should be noted that the AGC unit 108 functions 
to reduce the amplitude of more powerful signals in 
proportion relative to amplitude of such signals as received 
at the first receiving transducer 32 (Fig. 1) . This 
function is made desirable because of the fact that 
amplitude of an ultrasonic wave burst 2 2 (Fig. 2) at the 
first receiving transducer 32 falls off with the square of 
the distance of the receiving transducer 32 from the 
emitting transducer 14 (Fig. 1) . Thus, signal received at 
the receiving transducer 32 _ would be very large when the 
movable marker 12 is brought near the first receiving 
transducer 32, and would overdrive circuitry of the first 
analog signal processing section 46, were the AGC unit 108 
not included. However, it should also be noted that the AGC 
unit 108 by no means completely equalizes the magnitude of 
all signals, and the inventive method is not at all 
dependent upon the completeness of such magnitude 
compression as might be expected given some prior art 
approaches to the problem. 

After signal amplitude range is compressed by the 
AGC unit 108, it is further processed by a second high pass 
filter 13 8, a third high pass filter 140 and a third 



amplifier 142. The second high pass filter 138 has a second 
high pass filter resistor 144 and a second high pass filter 
capacitor 146, and the third high pass filter 140 has a 
third high pass filter resistor 148 and a third high pass 
filter capacitor 150, as shown in Fig. 4. The third 
amplifier 142 has a third JFET op. amp. 152, a third 
amplifier biasing resistor 154, a third amplifier input 
resistor 155, a third amplifier feedback resistor 156 and a 
third amplifier high frequency limiting feedback capacitor 
158. The third amplifier 142 is DC biased by a voltage 
applied at a peak offset voltage biasing node 160, which 
voltage is +3VDC in the best presently known embodiment 10 
of the invention. 

As described above, it can be seen that signal 
appearing at a first branching node 162 is a filtered and 
gain controlled version of signal appearing at the signal 
input node 70. It should be noted that there are numerous 
methods known in the art for accomplishing this portion of 
the signal processing within the first analog signal 
processing .section 46. The inventor's choice of using three 
amplification stages was predicated upon the relative signal 
levels present and the gain available from the first, second 
and third JFET op. amps. 92, 122, and 152. The first, 
second and JFET op. amps. 92, 122, and 152 are, in the best 
presently known embodiment 10 of the invention contained 
within a quad integrated circuit package type TL074, which 
was chosen because of its high input impedance and low noise 
characteristics . 

As described herein the low pass filters 78 and 
102, and the high pass filters 88, 138 and 140 are simple 
R/C type filters. Of course, more sophisticated active 
filters could be used to more completely clean the signal, 
but these would introduce a Q factor which would alter the 
ramp up rate of the ultrasonic wave burst 22 signal (Fig. 2) 
which, as may be appreciated, would be less than desirable 
given the inventive principles. Also, it should be noted 
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that the low pass filters 78 and 102, and the high pass 
filters 88, 138 and 140 could be bunched together, rather 
than being distributed as shown in Fig. 4 and as described 
herein. The advantage of the arrangement used in the best 
presently preferred embodiment 10 lies in that signal loss 
occurring within filters can be compensated in steps at the 
various amplifier stages. 

From the first branching node 162 signal is 
supplied to an analog sample and store unit (sample and 
hold) 164. Referring now to Fig. 5, wherein is shown a 
detailed schematic diagram of the sample and hold 164, 
signal is applied to a sample and hold input node 166 and 
fed to a peak detector circuit 168 through a current 
limiting resistor 170. The peak detector circuit 168 has a 
peak detector diode 172 and a peak storage capacitor 174 
configured as shown in Fig. 5. In the presently preferred 
embodiment 10 of the invention, the peak storage capacitor 
174 is biased with +9VDC applied at a peak detector biasing 
node 176. 

As will be appreciated by one skilled in the art, 
a peak detector output node 178 will retain an instantaneous 
DC voltage level equal to the most negative voltage 
encountered in a just previously processed ultrasonic wave 
burst 22 (Fig. 2), which voltage will be the sum of the most 
negative excursion of any individual cycle 28 within that 
wave burst 22 plus the +3VDC supplied at the peak offset 
voltage biasing node 160. A peak output signal 180 
representative of signal that might be present at the peak 
detector output node 178 is illustrated in Fig. 6 
superimposed upon the individual cycles 28 of the ultrasonic 
wave burst 22. Although, of course, Fig. 6 is not drawn to 
scale (nor are any of the other figures herein) , a zero 
voltage reference 182 and a +3VDC bias reference 184 are 
shown to illustrate the voltage summation described herein. 

Referring again to Fig. 5, the peak output signal 
180 (Fig. 6) present at the peak detector output node 178 is 



coupled through a first high impedance unity gain buffer 
amplifier (first buffer amplifier) 186 , a damping resistor 
188, a sample switch 190, and a second buffer amplifier 192 
to a sample and hold output node 194. As shown in Fig. 5, a 
first select switch 196 controls signal path to a hold 
capacitor 198. 

When a timing pulse is applied to a sample pulse 
node 200 while another timing pulse is simultaneously 
applied to a first select switch timing node 202, the hold 
capacitor 198 is allowed to charge to the level of the peak 
storage capacitor 174. A dump switch 204 provides a path to 
dump any charge present on the peak storage capacitor 174 
through a dump level node 206 when timing^ signal is applied 
to a dump timing node 2 08. 

The timing of events within the sample and hold 
164 during normal operation of the best presently known 
embodiment 10 of the invention is as follows: After each 
ultrasonic wave burst 22 (Fig. 2) is processed by the first 
analog signal processing section 46, the output coupling 
switch 190 and the first select switch 196 are closed (by 
applying timing pulse to both the sample pulse node 200 and 
the first select switch timing node 202, which allows the 
hold capacitor 198 to charge to the level of the peak 
storage capacitor 174. In other terms, the hold capacitor 
198 obtains the charge level of the highest peak level of 
that ultrasonic wave burst 22 which has just been processed. 
Then, the output coupling switch 190 is opened and the dump 
switch 204 is closed, allowing charge on the peak storage 
capacitor 174 to dump through the dump level node 206 while 
the hold capacitor 198 retains its charge. The dump switch 
204 is then reopened before the next ultrasonic wave burst 
22 is received. This sequence is repeated after each 
ultrasonic wave burst 22 is processed. One skilled in the 
art will now appreciate that, during the time period within 
which any of the ultrasonic wave bursts 22 are being 
processed, the peak storage capacitor 174 will be employed 
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in the detection and retention of the highest peak within 
that wave burst 22, while level present at the sample and 
hold output node will be that of highest peak of the last 
previously processed wave burst 22 (including any DC peak 
offset voltage, as previously disclosed) . 

Timing signals to the sample pulse node 2 00, the 
first select switch timing node 202 and the dump timing node 
208 are, of course, supplied by the computer/calculator 20 
(Fig. 1) . Provision of such timing signals is entirely in 
accordance with prior art methods and apparatus for 
providing timing signals ♦ It should also be noted that the 
sample and hold unit 164, as described herein, is not 
necessary to the practice of the present invention. In 
fact, the inventor has successfully practiced the invention 
using a simple R/C sample and hold (not shown) with a timing 
constant sufficiently long to hold peak values between wave 
bursts 2 2 but yet short enough to dip sufficiently to 
accommodate situations wherein successive wave burst 22 
magnitudes are decreasing in value. However, as will be 
discussed hereinafter, a more sophisticated sample and hold 
such as the sample and hold unit 164 described herein as 
being utilized within the best presently known embodiment 10 
of the present invention is required in some applications of 
the invention. 

It should be clear to one skilled in the art that, 
given the operation of the sample and hold unit 164 
described herein, any first wave burst 22 in a sequence of 
wave bursts 22 will not be useful for measurement purposes, 
since measurement is dependent upon comparison to a just 
previous wave burst 22, as will be described hereinafter. 

The damping resistor 188 is provided to limit the 
amount by which charge on the hold capacitor 198 may vary 
between successive wave bursts 2 2 to prevent undue 
oscillation of this value. One familiar with the art will 
recognize that, as with any prior art ultrasonic position 
locating device, provision must be made in the controlling 
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software to prevent aberrant indications from resulting in 
false data output. For instance, if the movable marker 12 
is moved with extreme rapidity, it is possible that the 
charge on the hold capacitor 198 might not be indicative of 
values of an instant ultrasonic wave burst 22. In brief, 
controlling software should allow only a limited range of 
change in output data between successive cycles. If 
calculations would seem to indicate data outside of that 
range, the computer/ calculator 2 0 (Fig. 1) should not update 
the output data until successive results within the 
acceptable range of change indicate that the system has 
again stabilized. 

Referring again to Fig. 4, it can be seen that 
signal appearing at the first branching node 162 is also 
provided to a gain setting amplifier 210 through a fourth 
high pass filter 212. The fourth high pass filter 212 has a 
fourth high pass filter resistor 214 and a fourth high pass 
filter capacitor 216. The gain setting amplifier 210 has a 
gain setting JFET op. amp. 218, a gain setting amplifier 
input resistor 220, a gain setting amplifier biasing 
resistor 221, a gain setting amplifier feedback resistor 222 
and a gain setting amplifier high frequency limiting 
feedback capacitor 224. 

The gain setting amplifier 210 provides signal to 
a half wave extraction circuit 226 which has a half wave 
rectifying diode 228, a half wave storage capacitor 230, a 
bleed resistor 23 0 and a third high impedance unity gain 
buffer amplifier 232. One skilled in the art will observe 
that the half wave processing circuit 22 6 will modify an 
ultrasonic wave burst 22 signal shape to produce a half wave 
processed signal 234 as illustrated in Fig. 7. The half 
wave processed signal 234 is shown in Fig. 7 superimposed 
upon the ultrasonic wave burst 22 signal from which it is 
derived. The half wave processed signal is then provided to 
a difference amplifier 236 having a difference JFET op. amp. 
238, a difference amplifier biasing resistor 240, a 
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difference amplifier first input resistor 242, a difference 
amplifier second input resistor 244 and a difference 
amplifier feedback resistor 246. The difference JFET op. 
amp. 238 must be supplied with bipolar power which is 
provided at a first bipolar power input node 248 and a 
second bipolar power input node 250, as shown in the drawing 
of Fig. 4. A first bipolar power bypass capacitor 252 and a 
second bipolar power bypass capacitor 254 are provided to 
clean power entering at the bipolar power input nodes 248 
and 250 .h. 

Now summarizing the combined effects of the half 
wave extraction circuit 226 and the difference amplifier 
236; power from positive going portions of each individual 
cycle 28 (Fig. 2) is saved and combined with negative going 
portions of each next following individual cycle 28. While 
the present invention can be practiced without the half wave 
extracting circuit 226 and the difference amplifier 236, the 
inventor has found that inclusion of these subcircuits 
greatly enhances the reliability of the invention. This is 
because, as will be described hereinafter, one of the 
purposes of the first analog signal processing section 46 is 
to distinguish and identify a second cycle 2 58 (Fig. 8) . 
Clearly, the signal processing which occurs within the 
combined half wave extraction circuit 226 and the difference 
amplifier 236 causes any difference which exists between 
individual cycles 28 (Fig. 2) to be increased to provide a 
substantial difference in peak magnitude between the second 
cycle 258 and either a first cycle 260 or a third cycle 262, 
as is illustrated in Fig. 8. 

Referring again to Fig. 4, a cycle two detector 
264 provides a means for identifying the second cycle 258 
(Fig. 8) . The cycle two detector has a cycle two comparator 
260, a cycle two first input resistor 262, a cycle two 
second input resistor 264 and a cycle two feedback resistor 
268. As can be seen in the schematic diagram of Fig. 4, the 
voltage level appearing at a cycle two comparator positive 



input is obtained from the sample and hold output node 194 
which level, as has been discussed previously herein, is the 
summation of the highest peak level obtained from a just 
previous ultrasonic wave burst 22 (Fig. 2) and the +3VDC 
introduced at the peak offset voltage biasing node 160. 
Signal appearing at a cycle two comparator negative input 
278 is the summed half wave signal 256 (Fig. 8) . Selection 
of the second cycle 258 is accomplished by providing a 
voltage at a pulse detect offset input node 282 which will 
cause the cycle two comparator 266 to trigger at a cycle two 
comparator trigger level 284 which is half way between a 
cycle one peak level 286 and a cycle two peak level 288. 
Put in other terms, the cycle two comparator trigger level 
284 is the peak output signal 180 (Fig. 6) from the just 
previous wave burst 22. Of course, the cycle two comparator 
trigger level 284 could be set to be any value between the 
cycle one peak level 28 6 and the cycle two peak level 288 
but, of course, setting it as described herein provides the 
maximum latitude for error. In the presently preferred 
embodiment 10 of the present invention, given the value and 
function of components as described herein, the inventor has 
found that the proper voltage to be applied at the pulse 
detect offset input node is +3VDC. As described herein, 
output is provided at a second cycle detect output node 290 
when the second cycle 258 (Fig. 8) has been encountered. 

It should be noted that the inventor has found 
that the characteristics of components used in the 
manufacture of the best presently known embodiment 10 of the 
invention are sufficiently consistent that no individual 
calibration or adjustment is required when producing an 
analog signal processing unit 44 (Fig. l) , the component 
values and voltage level setting described herein enabling 
implementation of the invention without such calibration or 
adjustment. 

In accordance with the principles of operation of 
the present inventive method, as described herein, an 
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individual cycle 2 8 of an ultrasonic wave burst 22 {the 
second cycle 258 (Fig. 8)} having been detected, an exact 
point on that individual cycle 28 should now be identified. 
In the best presently known embodiment 10 of the present 
invention, the zero crossing point 56 (Fig. 2) immediately 
following detection of the second cycle 258 is used as that 
reference point. Referring again to Fig. 4, a zero crossing 
detector 294 is provided for the purpose. The zero crossing 
detector 294 has a zero crossing high pass input capacitor 
296, a zero crossing high pass input resistor 298, a zero 
crossing input resistor 300, a zero crossing comparator 302 
and a zero crossing comparator feedback/hysteresis resistor 
304. As can be seen in the schematic diagram of Fig. 4, the 
zero crossing high pass input capacitor 296 eliminates any 
DC component from signal arriving at a zero crossing 
comparator positive input 306. Furthermore, a zero crossing 
comparator negative input 308 is set to ground 130. 
Therefore a signal will be provided at a zero crossing 
detect output node 310 when an individual cycle 28 (Fig. 2) 
crosses ground level from negative to positive, as at the 
zero crossing point 56 (Fig. 2) . 

Of course, signals appearing at the second cycle 
detect output node 290 and the zero crossing detect output 
node 310 are conditioned by conventional means to provide 
TTL level inputs for the pulse detector 58 (Fig. 1) . As 
explained previously herein, when signal from the second 
cycle detect output node 290 is followed by signal from the 
zero crossing detect output node 310, the pulse detector 58 
causes the appropriate distance timer clock 60, 62, 64 or 66 
within the distance timer unit 68 to stop. Since the 
distance timer clocks 60, 62, 64 and 66 were simultaneously 
started upon emission of the ultrasonic wave burst 22 from 
the piezo- electric emitting transducer 14 , the time at 
which each distance timer clock 60, 62, 64 and 66 is 
stopped is a reliable indication of the distance of 
respective receiving transducers 32, 34, 36 and 38 from the 



32 



movable marker 12. Calculations to determine the position 
of the movable marker 12 then are performed by the 
computer/calculator according to prior art methods for 
determining the position of a marker based upon distance 
from that marker to fixed reference points. Also, as 
previously described herein, the best presently known 
embodiment 10 of the invention provides sufficient reference 
points to determine position in three dimensions and to 
correct for variances in extant speed of sound. 

As described herein, the first analog signal 
processing section 46 (which is identical to the analog 
signal processing sections 48, 50 and 52) is dependent in 
operation upon the setting of certain signal levels within 
the cxrcuit. Although it is believed that one skilled in 
the art should be able to attain the desired results given 
the description of such signal levels as heretofore 
described along with the discussion of relevant theory which 
has been provided, in order to ensure enablement of the 
unique hardware utilised to implement the inventive method 
in the best presently known embodiment 10, the following 
TABLE A is provided which lists values and types of the 
components of the first analog signal processing section 



TABLE A 

74 microphone power isolation resistor 

76 power isolation capacitor 

30 first low pass filter resistor 

82 first low pass filter capacitor 1000pF 

86 first high pass filter resistor 10Kn 

88 first high pass filter capacitor 1000pF 

92 fir-st- .tt?ttt ^ 



100O 
1/LtF 
2. 2KB 



first JFET 
94 first amplifier input resistor 
96 first amplifier biasing resistor 
98 first amplifier feedback resistor 
100 first amp hi frequency limiting cap 
104 second low pass filter resistor 



TL074 
10Kn 

lOKn 

220KD 

33pF 

lKfl 
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106 


second low pass filter capacitor 


lOOOpF 


110 


AGC input coupling capacitor 


. IfiF 


114 


voltage controlled resistor 


VCR4N 


118 


AGC low pass filter resistor 


lOOKfl 


120 


AGC low pass filter capacitor 


lOOOpF 


122 


second amplifier JFET 


TL074 


124 


second amplifier biasing resistor 


lOKn 


126 


second amplifier feedback resistor 


47Kn 


128 


second amp hi freq. limiting feedback cap. 


150pF 


144 


second high pass filter resistor 


10Ku 


146 


second high pass filter capacitor 


lOOOpF 


148 


. third high pass filter resistor 


lOKfl 


150 


third high pass filter capacitor 


lOOOpF 


152 


third amplifier JFET 


TL074 


154 


third amplifier biasing resistor 


lOKn 


155 


third amplifier input resistor 


26 . 7K0 


156 


third amplifier feedback resistor 


iMn 


158 


third amp hi freq. limiting feedback cap. 


5pF 


170 


current limiting resistor 


lKft 


172 


peak detector diode 


1N3595 


174 


peak storage capacitor 


. OlJiF 


186 


first unity gain buffer amplifier 


TL074 


188 


damping resistor 


IKfl 


190 


output coupling switch 


74HC4066 


192 


second unity gain buffer amplifier 


TL074 


196 


first select switch 


74HC4066 


198 


hold capacitor 


. IptF 


204 


dump switch 


74HC4066 


214 


fourth high pass filter resistor 


10KH 


216 


fourth high pass filter capacitor 


lOOOpF 


218 


gain setting amplifier JFET 


TL074 


220 


gain setting amplifier input resistor 


63 • 4KH 


221 


gain setting amplifier biasing resistor 


lOKn 


222 


gain setting amplifier feedback resistor 


looKn 


224 


gain setting amp hi freq. limiting capacitor 


68pF 


228 


half wave rectifying diode 


1N3595 
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230 

232 

238 

240 

242 

244 

246 

252 

254 

266 

268 

270 

272 

296 

298 

300 

302 

304 



bleed resistor 2Jia 

third unity gain buffer amplifier TL074 

difference amplifier JFET TL074 

difference amplifier biasing resistor lOKfl 

difference amplifier first input resistor lOKn 

difference amplifier second input resistor lOKn 

difference amplifier feedback resistor lOKn 

first bipolar bypass capacitor . i^f 

second bipolar bypass capacitor . i/if 

cycle two comparator LM339 

cycle two first input resistor lOKH 

cycle two second input resistor 10KH 

cycle two feedback resistor ^ 

zero crossing high pass input capacitor . 1/iF 

zero crossing high pass input resistor IKn 

zero crossing input resistor lOKfl 

zero crossing comparator LM0339 

zero crossing comparator feedback resistor 1MTJ 



As described herein, the best presently preferred 
embodiment 10 of the invention has an analog signal 
processing unit 44 having four analog signal processing 
sections 46, 48, 50 and 52 for effectuating the inventive 
method of identifying a specific point on a ultrasonic wave 
burst 22 and thus for providing a means to implement the 
inventive method for calculating distance. Fig. 9 depicts 
an alternate equally preferred embodiment of the invention 
in which is designated therein by the general reference 
character 910. The alternate preferred embodiment 910 of 
the invention utilizes the same inventive method for 
measuring distance as does the first preferred embodiment 
10. However, the alternate preferred embodiment 910 makes 
use of the high resolution available through application of 
the inventive method to provide positional and attitudinal 
data relating to six degrees of freedom. The additional 
features found in the alternate preferred embodiment 910, do 
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require attention to some considerations not addressed in 
the above discussion relating to the first preferred 
embodiment 10 of the invention. 

The alternate preferred embodiment 910 
accomplishes the same inventive method as does the first 
preferred embodiment 10 of the invention and is similar in 
construction thereto. The alternate preferred embodiment 
910, like the first preferred embodiment 10, has a movable 
marker 912, computer/ calculator 920, a clocking device 926 
and a stationary reference frame 931. The alternate 
embodiment 910 of the invention differs from the first 
preferred embodiment 10 in that a first receiving transducer 
932, a second receiving transducer 934 and a third receiving 
transducer 936 are located in the movable marker 912. A 
fourth receiving transducer. 938 is located within the 
stationary reference frame 929. 

The alternate embodiment 910 also has an analog 
signal processing unit 944 which has therein a first analog 
signal processing section 946, a second analog signal 
processing section 948, a third analog signal processing 
section 950 and a fourth analog signal processing section 
952. Also, like the first preferred embodiment 10, the 
alternate preferred embodiment has a pulse detector 958, a 
first distance timer clock 960, a second distance timer v 
clock 962, a third distance timer clock 964, and a fourth 
distance timer clock 966. The distance timer clocks 960, 
962, 964 and 966 are components of a distance timer unit 
968. 

In the alternate preferred embodiment 910 of the 
invention, a pulse distribution unit 9310 is provided which 
is similar in function to the pulse sender 2 4 of the first 
preferred embodiment 10 except that the pulse distribution 
unit 9310 sends signal sequentially to a first emitting 
transducer 9 312, a second emitting transducer 9314 and a 
third emitting transducer 9316. 

In the alternate embodiment 910 of the invention 



the first, second and third receiving transducers 932, 934 
and 936 are positioned at the corners of a right triangle, 
as is show in Fig. 9, with the first receiving transducer 
932 being 2.00 inches (5.08 cm.) from the second receiving 
transducer 934, and the third receiving transducer 936 being 
2.00 inches (5.08 cm.) from the second receiving transducer 
934. The emitting transducers 9312, 9314 and 9316 also are 
positioned to form a right triangle with the first emitting 
transducer 9312 being 6.00 inches (15.24 cm.) from the 
second emitting transducer 9314 and with the third emitting 
transducer 9316 being 9.00 inches (22.86 cm.) from the 
second emitting transducer 9314. In the operation of the 
alternative embodiment 910 of the invention, distance 
measurement between each of the first, second and third 
receiving transducers 932, 934 and 936 and each of the 
emitting transducers 9310, 9312 and 9316 is accomplished. 
Then, by using the same known calculation technique used in 
the first preferred embodiment 10 and in the prior art to 
calculate position in three dimensions once distances from 
three reference points is known, the position of each of the 
first, second and third receiving transducers 932, 934 and 
936 relative to each of the emitting transducers 9312, 9314 
and 9316 is found. This, of course, provides information 
not only about the relative position of the movable marker 
912, but also about the attitude of the movable marker 912 
in terms of roll, pitch, and yaw. 

Specifically, in order to determine the distance 
measurement between each of the first, second and third 
receiving transducers 932, 934 and 936 and each of the 
emitting transducers 9312, 9314 and 9316, the emitting 
transducers 9312, 9314 and 9316 are caused to sequentially 
emit ultrasonic wave bursts 22 (FIG 2) . First, the first 
emitting transducer 9312 emits a wave burst 22 and the 
distance from the first emitting transducer 9312 to each of 
the first, second, and third receiving transducers 932, 934 
and 936 is determined in the same manner described herein in 
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conjunction with the first preferred embodiment 10 of the 
invention. The same method is used to determine distances 
from the second emitting transducer 9 314 and the third 
emitting transducer 9316 to each of the first, second, and 
third receiving transducers 932, 934 and 93 6. 

The fourth receiving transducer 938, as previously 
discussed, is fixed in location and located on the 
stationary reference frame 931 near the first emitting 
transducer 9312. The fourth receiving transducer 938 
provides the means used by the inventor to adjust for the 
extant speed of sound in the alternate preferred embodiment 
910 of the invention. Since the distance from the fourth 
receiving transducer 938 and the third emitting transducer 
9316 is fixed and known, time taken for a wave burst 22 to 
travel between the third emitting transducer 9316 and the 
fourth receiving transducer 93 8 provides a measure of the 
extant speed of sound* In the alternate preferred 
embodiment of the invention, the same method and identical 
circuitry is used to determine the distance between the 
fixed fourth receiving transducer 938 and the third emitting 
transducer 9316 which is used to determine distance between 
each of the first, second and third receiving transducers 
932, 934 and 936 and each of the emitting transducers 9312, 
9314 and 9316. Of course, a less sophisticated method might 
also be employed in this part of the process, since that 
part of the circuitry described herein which is involved 
with compensation for variable distance is not really 
required for this one measurement. 

With the exception of .the differences specifically 
described herein, the alternate preferred embodiment 910 of 
the invention uses the same circuitry and functions in much 
the same manner as does the first preferred embodiment 10. 
Means to provide the additional timing signals employed in 
the alternate preferred embodiment 910 and means to store 
additional distance timing data and to manipulate such data 
arithmetically to calculate position are all entirely within 
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the knowledge of one skilled in the art. However, one 
skilled in the art will notice that a a modification of the 
sample and hold 164 (FIG 4) utilized in conjunction with the 
first preferred embodiment 10 will enable the operation of 
the alternate preferred embodiment 910. As described 
herein, the analog signal processing unit 944 utilizes a 
signal level derived from the magnitude of a just previous 
wave burst 22, which magnitude is dependent upon distance 
between the distance between that pair of the first, second 
and third receiving transducers 932, 934 and 936 and the 
emitting transducers 9312, 9314 and 9316 which is of instant 
concern. Therefore, a means is provided to store such 
information relating to wave bursts 22 emitted from each of 
the emitting transducers 9312, 9314 and 9316 within the 
analog signal processing units 944. A modified sample and 
hold unit 9164, as is used in the alternate preferred 
embodiment 910 of the invention, is depicted in schematic 
form in FIG 10. Construction of the modified sample and 
hold unit 9164 is similar to that of the sample and hold 
164. A peak detector circuit 9168, a first high impedance 
unity gain buffer amplifier 9186, an output coupling switch 
9190, a second high impedance unity gain buffer amplifier 
9192 and a dump switch 92 04 function as do the corresponding 
parts 168, 186 190, 192 and 204 in the sample and hold 164 
(FIG 4) . However, as is shown in Fig. 10, the modified 
sample and hold 9164 has a first hold capacitor 9318, a 
second hold capacitor 9320, a third hold capacitor 9322, a 
first select switch 9324, a second select switch 9326 and a 
third select switch 9328. When timing signal is applied to 
the output coupling switch and to the first select switch 
9324 simultaneously, the first hold capacitor 9318 is 
allowed to charge to the level of just detected by the peak 
detector circuit 9168 which, of course, is timed to occur 
just after a wave burst 2 2 (FIG 2) from the first emitting 
transducer 9132 is received. Similarly, signal levels 
corresponding to wave bursts 2 2 from the second emitting 
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transducer 9314 and the third emitting transducer 9316 are 
stored on the second hold capacitor 9 3 20 and the third 
holding capacitor 9322. After processing of each wave burst 
22 is completed, charge remaining within the peak detector 
circuit 9168 is dumped through the dump switch 9204 and, 
just as was described in more detail in relation to the 
first preferred embodiment 10 of the invention, when each 
wave burst 22 is being processed, the output coupling switch 
is closed, and the appropriate select switch 9324, 9326 or 
9328 is opened such that charge level coupled through the 
second high impedance buffer amplifier 9192 is 
representative of results obtained from a just previous wave 
burst 22 magnitude from the corresponding emitting 
transducer 9312, 9314 or 9316 as seen by the receiving 
transducer 932, 934 or 936 to which the particular sample 
and hold 9164 in question is connected. 

Of course, the alternative embodiment 910 of the 
invention, could be provided with switches (not shown) such 
as the switches 16 shown in Fig. 1 as being employed with 
the first preferred embodiment 10 of the invention. 

As is shown above, in great part, the ultrasonic 
position determining devices 10 and 910 according to the 
present invention closely resemble prior art conventional 
position determining devices in many respects. The 
substantial difference exists in the inclusion of means for 
identifying a particular cycle of an ultrasonic burst and 
then for identifying a particular point on that cycle. No 
significant changes of materials are envisioned nor are any 
special constructions required. 

Various modifications may be made to the invention 
without altering its value or scope. For example, while 
embodiments of the invention described here have shown the 
inventive method being used to determine position to three 
and six degrees of freedom, respectively, the advantages of 
increased resolution according to the present invention can 
be fully utilized in devices requiring only two dimensional 



40 

analysis. 

While the present invention has been described 
here as using movable markers which are connected by wire to 
the remaining components of the device, any conventional 
means of wireless operation, such as infrared signal 
transmission, could be employed to make the marker into a 
"wireless" device. 

Similarly, the direction of travel of ultrasonic 
waves between movable markers and fixed reference locations 
is does not affect resultant distance measurements. 
Therefore, with some minor modifications, the embodiments of 
the present invention described could be altered to reverse 
the directions of travel of such waves from that herein 
disclosed. 

All of the above are only some of the examples of 
available embodiments of the present invention. Those 
skilled in the art will readily observe that numerous other 
modifications and alterations may be made without departing 
from the spirit and scope of the invention. Accordingly, 
the above disclosure is not intended as limiting and the 
appended claims are to be interpreted as encompassing the 
entire scope of the invention. 

II. Three-dimensional Input Device with Three Degrees of 
Freedom 

Referring now to Fig. ha, an input system 1100 of 
the present invention comprises a control device 1010, a 
stationary or reference frame 1020, a pointer or mouse 
device 1030, and a power supply 1040. The control device 
1010 provides an interface between both stationary frame 
1020 and pointer or mouse 1030 and a host computer 1200. in 
particular, stationary frame 1020 is connected to control 
device 1010 via line 1025, pointer 1030 is connected to 
control device 1010 via line 1035, and control device 1010, 
in turn, is coupled to the host computer 1200 via line 1015. 
Computer 1200 provides information, such as a cursor 
position, to a user through display 1250, which may be a CRT 
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display or other output device. In a preferred embodiment, 
computer 1200 is an IBM or IBM-compatible personal computer 
(available from International Business Machines, Armonk, 
NY) . 

In Fig. 11B, a first alternative embodiment of the 
present invention is shown. In system 1150, the control 
device 1010 of system 1100 has been replaced with a control 
interface 1011. Specifically, control interface 1011, which 
may be in the form of a bus card, connects reference member 
1020 and pointer 1030 to the host computer 1200 via line 
1025 and line 1035, respectively. Control interface 1011 is 
directly connectable to host computer 1200 by a system bus 
(e.g., micro-channel, industry standard architecture (ISA), 
or extended industry standard architecture (EISA) or similar 
architecture) . ' 

In Fig. 11C, a third alternative embodiment of the 
present invention is shown. System 1150 includes the 
previously described components of system 1150. In 
addition,, system 1150 includes a plurality of pointing 
devices, which may be any desired number of pointers. In an 
exemplary embodiment, the system 1150 includes four pointers 
1030a, 1030b, 1030c, 1030d which are connected to four 
interfaces 1011a, 1011b, 1011c, lOlld via lines 1035a, 
1035b, 1035c, and 1035d, respectively. The interfaces 
1011a, 1011b, 1011c, lOlld are interconnected or daisy- 
chained by intercard umbilical lines 1013a, 1013b, 1013c. 

Referring now to Figs. 12A-B, the stationary or 
reference frame 102 0 comprises a frame 102 6 having a 
plurality of spaced-apart transmitter sources 1021, 1022, 
1023 for generating signals which may be detected. In a 
preferred embodiment, the reference 102 0 is a transmitting 
device which includes three ultrasonic transducers (or 
piezo-electric speakers) capable of producing a short burst 
of acoustic cycles (e.g., 22.5 kilohertz) when activated. 

Those skilled in the art will also appreciate that 
other sources, e.g., magnetic, electromagnetic, infrared, 



sonic, infrasonic, and the like, may be detected in 
accordance with the present invention. The use of 
ultrasonic transducers is particularly desirable, however, 
due to their low cost and widespread availability. 
Furthermore, ultrasonic transmissions are immune to radio 
frequency (RF) and other electromagnetic interferences which 
are common in a workplace setting. 

As shown in the embodiment of Fig. 12 A, reference 
1020 includes an "L n -shape frame 1026 housing the three 
transducers 1021, 1022, 1023 in a right-triangle 
configuration. Right transducer 102 3 and vertex transducer 
1022 are preferably mounted close to the work surface (i.e., 
table top) and tilted upward from about 20 to 40°, preferably 
about 25°; top transducer 1021 is located directly over 
vertex transducer 1022 and tilted upward at angle of 20° or 
less. When so configured, the system receives minimum sound 
reflections (and hence noise) from the work surface. 

As shown, reference frame 1020 also includes a 
calibration microphone 1024 located a known distance from 
one of the speakers for calibrating the speed of sound in 
air in the user's environment (as described hereinbelow) . 
To simplify the determination, microphone 1024 is mounted at 
a known relative location for calibration with one of the 
speakers. As shown in the embodiment of Fig. 12 A, 
microphone 1024 is mounted near the top speaker 1021 for 
calibration with the right speaker 1023. 

Alternate configurations exist for the reference 
member. As shown in Fig. 12B, for example, apparatus 1040 
includes a "T" -shaped frame having three spaced-apart 
transducers 1041, 1042, 1043 arranged in an equilateral- 
triangular fashion (i.e., with each transducer at a vertex). 
Those skilled in the art will appreciate other 
configurations for the transmitter. For example, each of 
the transducer elements may be housed within its own 
independent structure such as that taught by U.S. Patent No. 
4,988,981 (applied to a plurality of receivers). Typically, 
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the transmitter or reference apparatus will be fashioned in 
a configuration which is suitable for stationary use in the 
user's work area, e.g., a desk top. 

Referring now to Fig. 12C, a schematic of the 
transmitting reference 1020 is shown. Each of the elements 
1021, 1022, 1023 comprises a piezo-electric transducer or 
speaker having separate input/output lines. Calibration 
microphone 1024 is also provided with separate input/out 
lines. All lines are combined into the single line 102 5 
which is connected to the control interface 1010 (or 1011) . 

Pointer 103 0, in contrast to the stationary 
reference transmitter, is a highly mobile device which may 
be held or worn by the user. In the embodiment of Fig. 13 A, 
pointer 103 0 is a mouse or hand-held pointing device which 
includes a housing 1037 having a plurality of user keys 103 6 
and a plurality of detecting elements 1031, 1032, 1033. 
Housing 1037 is constructed of light-weight materials, such 
as plastics, and is fashioned into a shape which conforms to 
a user's hand. 

As shown, mouse 1030 includes user-activated 
switches or keys 1036 disposed along the top or dorsal 
surface of housing 1037, thus placing the keys at or near 
where a user's fingertips will lie. Keys 1036 operate as 
switches or buttons which allow the user to communicate with 
the computer 1200. Specifically, when activated by the user 
(e.g., by depressing with a finger), each key 1036 transmits 
a signal to the host computer 1200, which may then be acted 
upon by application and/or system software. Each signal may 
be predefined or user defined to emulate user functions or 
key strokes. Each key or pointer button can be actuated 
independently or in any combination with other key(s) . 
Additional signals may be generated by the keys 103 6 using 
"double clicking" and "dragging" (click and holding) 
techniques, which are known in the art. 

In a preferred embodiment, keys 103 6 includes at 
least five mouse buttons, with three buttons emulating a 
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Logitech three-button mouse and two supporting additional 
input (e.g., "continue" and "suspend" described 
hereinbelow) . Alternatively (in the same or an alternate 
embodiment) , two of the keys 1036 provide Microsoft mouse 
emulation. Signals generated by the key(s) are communicated 
to control device 1010 (or control interface 1011) via line 
1035. Techniques for transmitting and receiving signals 
from mouse buttons, such as the keys 103 6, are known in the 
art; see, e.g., Microsoft Mouse Programmer's Reference, 
Microsoft Press, 1989. 

Offered for purposes of illustration and not 
limitation, apparatus and techniques for transmitting and 
receiving mouse data ("mouse record"), including both key 
and motion signals, are presented in Appendix A. Additional 
apparatus and techniques, including methods for transmitting 
and receiving attitudinal orientation information in 
accordance with the present invention, are presented in 
Appendix B. 

The pointer or mouse 1030 also includes detecting 
elements 1031, 1032, 1033 in the form of microphones for 
receiving acoustic signals from the reference frame 1020, as 
well as for receiving speech, voice commands, and/or other 
sound input from the user. In a preferred embodiment, mouse 
microphones 1031, 1032, 1033 are three omni-directional 
microphones which are disposed on the housing 1037 in an 
equilateral-triangular fashion (i.e., so that no one angle 
exceeds 9 0°) . While omni-directional, each microphone should 
have an unobstructed "line of sight" or view of the 
reference 1020 when the pointer 1030 when held in the user's 
hand. When used for audio input (e.g., for push-to-talk 
operation, described hereinbelow) , one or more microphones 
will be aimed in the general direction of the audio source, 
such as the user's mouth. 

As shown in the embodiment of Fig. 13A, 
microphones 1031, 1032, 1033 may be disposed substantially 
along one face, e.g., a forward or anterior face, of the 
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mouse 103 0. To improve detection of the transducer sources, 
however, the three microphones are not arranged co-linear in 
a preferred embodiment. As illustrated, microphone 1032 is 
offset from the other two microphones, which lie 
substantially co-planar with the top of the housing 1037, so 
that an equilateral triangle lying in a vertical plane is 
defined by the three microphone elements 1031, 1032, 1033. 
In a preferred embodiment, the three microphones 1031, 103 2, 
1033 will lie in a vertical plane when the mouse 1030 is at 
rest (e.g., on a desk top), thus simplifying the calculation 
of mouse information (described in further detail 
hereinbelow) . 

Referring to Fig. 13B, a schematic diagram of the 
mouse 1030 is shown. Keys 103 6 comprise a plurality of 
switches, such as switches 103 6a-e. By providing each 
switch with a resistor (e.g., Rj- S ) which has a unique 
resistance and which provides a unique sum resistance when 
added to others resistors, various combinations of keys or 
switches 103 6 may be determined. As shown, one switch 
(e.g., switch 1036e) may serve as a master switch. Also 
shown in Fig. 13B, are the microphones 1031, 1032, 1033, 
each having separate input and output lines. One of the 
microphone elements (or more) , such as microphone 1031, may 
also be coupled to the switches (e.g., by a ground line) for 
switch-activation of that element. All input /output lines 
of the keys 1036 and microphone elements 1031, 1032, 1033 
are combined into the single line 103 5, which may be 
connected to the interface 1010 (or 1011) . 
v While the foregoing discussion of the reference 

and pointing components of the present invention presents a 
stationary transmitting reference and a moveable receiving 
pointer, those skilled in the art will readily appreciate 
that the stationary reference may instead include detectors 
or receivers (e.g., microphone disposed on a stationary 
desktop frame) while the pointer is a mobile transmitter 
device (e.g. , a pointing device having transducers) . In 
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this alternate configuration, elements 1031, 1032, 1033 of 
pointer 1030 are instead three spaced-apart transmitters, 
such as ultrasonic transducers* In this case, elements 
1021, 1022, 1023 of frame 1020 (or elements 1041, 1042, 1043 
of frame 1040) are three spaced-apart detectors, such as 
omni-directional microphones. With either configuration, 
the system 1100 can accurately determine the position and 
attitude of pointer 1030 relative to stationary reference 
1020. 

The operation of system 1100 will now be 
described. In the following discussion, stationary device 
1020 will serve as the transmitting member, and the pointing 
device or mouse 1030 will function as the receiving member. 
Those skilled in the art will appreciate the operation of 
the complimentary configuration, i.e., system 1100 with 
stationary device 102 0 serving as the receiving member and 
the pointer 103 0 as the transmitting member. Furthermore, 
the discussion of operation of system 1100 is also 
applicable to system 1150 and 1150. 

In operation, system 1100 uses the propagation 
delay of sound to perform position determinations. In 
particular, the system 1100 measures the time of delay for 
sound to travel from each of the three speakers 1021, 1022, 
1023 to the three microphone elements 1031, 1032, 1033 
positioned on mouse 1030. From this delay information and 
the speed of sound in air (calibrated for that time and 
location) , input system 1100 (or 1150) determines the 
position and attitude of the mouse 1030 with respect to the 
transmitter apparatus 1020. 

Referring now to Fig. 14, the function and 
construction of control interface 1011 will be described. 
(Interface 1010 operates in a like manner but communicates 
with computer 1200 through a communication port, e.g., a RS- 
232 or SCSI, instead.) Control interface 1011 provides 
apparatus and method for accurately measuring the distance 
from a speaker (e.g., speakers 1021, 1022, 1023) to a 
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microphone (e.g., mouse microphones 1031, 1032, 1033 or 
transducer microphone 1024) . 

As shown, control interface 1011 interacts with 
reference 1020, pointer 1030, and a device driver 1210 
stored in host computer 1200. During power on, interface 
1011 or 1010, under control of driver 1210, initializes and 
enables mouse 103 0, transducer 102 0, and control interface 
1011. Next, the first of three speakers (e.g., transducers 
1021, 1022, 1023) is selected. Control interface 1011 
measures the time required for sound to propagate to each of 
the three microphones (e.g., microphones 1031, 1032, 1033). 
When sound is detected, a software interrupt is generated by 
apparatus 1011 which may be read by the driver 1210. Driver 
1210, which may be a software device driver or firmware 
(e.g., ROM, EPROM, or the like), reads the generated 
interrupt and the timer values for each of the four 
microphone elements (e.g., calibration microphone and three 
mouse microphones) . The process is then repeated for each 
of the remaining speakers, with the driver 1210 computing 
the current speed of sound and the position and attitude of 
the pointer or mouse. This information, in turn, is 
provided to computer 1200 for use by application and/ or 
operating system programs. 

Control interface 1011 comprises timers 1051, 
pulse detectors 1052, rrocessor 1053, bus interface 1054, 
configuration status U55, decoder 1056, sequencer 1057, and 
speaker driver 1058 and audio out 1059. Connection to 
computer 1200 is through bus interface 1054, which includes 
a 8/16-bit bus adapter as is known in the art. Interface 
1054 may occupy one of the selectable device locations 
(e.g., serial ports COM1-COM4, or parallel ports LPT1-LPT2) , 
with the associated device interrupt request (IRQ) provided 
by sequence 1057 (e.g., by user-selectable jumper). For a 
general discussion of device locations, device drivers, and 
software/hardware interrupts in an IBM Personal Computer, 
see IBM Technical Reference (International Business 
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Machines, Annonk, NY), or Programmer's Guide to the IBM PC, 
Microsoft Press, 1985. 

In operation, control interface 1011 stimulates 
each speaker element and starts a counter for each of the 
microphones. Particularly, driver 1058 under control of the 
speaker driver 1058 stimulates transducers 1020. Processor 
1053 "listens" for the sound from the speaker to arrive at 
each microphone 1030; each counter or timer 1051 is stopped 
when a particular sound is detected at its corresponding 
microphone, since the speed of sound in air varies with 
environment (according to ambient temperature and barometer 
pressure) , the control interface 1011 measures the current 
speed of sound each time the position of the pointer or 
mouse 1030 is calculated. By measuring the amount of time 
required for sound to travel a known fixed distance (e.g., 
between speaker 1023 and microphone 1024), the speed of 
sound may be determined. 

Bus interface 1054 is connected to the 
configuration/ status registers 1055 and to two timer chips 
1051, each of which contains three sixteen-bit timers. At 
any one time, only one of the two timers is selected as 
active (by setting a corresponding bit in the configuration 
register 1055) . Bus interface 1054 also includes an eight- 
bit data bus buffer and a sixteen-bit address decoder. An 
equality comparator is provided to detect the address bits 
which do not change based upon jumper selection. A GAL chip 
is used to decode the remaining address bits based upon 
jumper selection. 

Timers 1051 includes a pair of 82C54 timer chips 
(available from Intel Corporation of Santa Clara, CA) which 
provide timers for the four microphones and clocking for the 
speaker drivers; timing sequence is provided by sequencer 
1057. In a preferred embodiment, the timers 1051 include 
clock rates up to 1010 megahertz. 

Control sequencer 1057 is provided by a GAL Chip 
(such as a GAL 16V8A chip available from Lattice 
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Semiconductor Corporation of Hillsboro, OR) which is 
responsible for providing timing sequence. The GAL can 
track many pointer devices in front of one transducer frame. 
The GAL also provides the "sample" and "dump" signals used 
by analog processing 1052. 

Control 1010 and 1011 also receives and processes 
the signals from keys 103 6. In turn, the signals are 
provided to computer 1200 through interface 1054. In 
addition, processor supplies audio information (from the 
mouse 1030) to audio out 1059, which may be in the form of a 
standard DIN jack. Alternatively, audio may be supplied to 
the computer 1200 through interface 1054. The operation of 
control 1010 and 1011 are set forth in further detail in 
Appendix C. 

User operation of system 1100 will now be 
described. System 1100 provides two-dimensional and three- 
dimensional operating modes. In the two-dimensional or "2D" 
operating mode, the mouse 1030 operates as a conventional 
mouse, reporting two-dxmensional positions on a desk top 
plane; in this mode, the mouse 1030 is compatible with 
Logitech (Fremont, CA) and Microsoft (Redmond, WA) pointing 
devices. The "6D" mode, the alternative mode, permits six 
degrees of freedom (i.e., reporting three-dimensional 
positions with three rotational orientations within a three- 
dimensional space) . 

Referring now to Fig. 15 , the "6D" mode is 
illustrated. The mode provides three-dimensional (X, Y, Z) 
positional information and attitude information, including 
pitch, yaw, and roll. As shown, the X, Y, Z rectangular 
(Cartesian) coordinate system is used as the three- 
dimensional coordinate system of a preferred embodiment. 

A zone or "active area", shown as Space A, is 
provided in front of reference 102 0 in which pointer 103 0 
may move. The active area A is the zone or space in which 
maximum tracking resolutions (e.g., 400 dpi) are maintained. 
Movement outside the active area A, causes the pointer 1030 
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to enter a fringe area B. Movement of the pointer 1030 
within the fringe area B is still tracked by the system 
1100, but at a lower resolution. Movement of the pointer 
1030 outside of the fringe area B (i.e., into space C) is 
clipped. 

Visual feedback of movement within the different 
zones may be provided by displaying differently shaped or 
colored cursor icons on the display 1250. For example, 
while the pointer 103 0 is within the active area A, a green 
cursor may be displayed. When the pointer 1030 moves into 
the fringe area B, a yellow cursor may be displayed. 
Movement of the pointer 1030 into the clipped zone C, causes 
a red cursor to be displayed. By analogy, space A resembles 
the normal playing area of a baseball diamond, zone B is 
similar to the warning track in baseball, and zone C serves 
as a fence, beyond which no action can be taken. 

In one embodiment, the active area includes a cube 
of approximately two feet in width, with an additional 8 
inch fringe area; the center of the cube is the origin of 
space for the mouse, leaving one foot of high-resolution 
tracking in each direction (x, y, and z) . In an alternate 
embodiment (e.g., system 1300 discussed hereinbelow) , the 
active area includes a seven-foot cube. Those skilled in 
the art will appreciate that other "active areas," having 
different sizes and/or configurations, may be provided. 

Referring now to Figs. 16A-D, the tracking and 
representation of attitude or rotational information of the 
present invention will now be described. Rotation is 
defined as follows: 

1) Pitch is rotation about the X axis. 

2) Yaw is rotation about the Y axis. 

3) Roll is rotation about the Z axis. 

Positive directions are defined by the right-hand rule 
(indicated by corresponding arrows). As shown in Figs. 16B- 
D, 6D-mode information may be processed by computer 1200 for 
display to the user via display 1250. 

The orientation for rotation may be relative to 
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the pointer or to the reference frame; alternatively, the 
orientation may be global. When relative to the mouse 
(i.e., Local Euler mode), rotations are determined from the 
mouse's viewpoint. If the user points the mouse directly at 
the transducer and rocks one of its ends up and down (i.e., 
changes the mouse's angular relation to its X axis), the 
user is affecting the pitch angle. If the user then rotates 
the mouse 90 degrees to the right and then rocks it up and 
down, the user is affecting the yaw angle (not the pitch 
angle) . In this mode, the orientation of the mouse 1030 
duplicates that of a pilot in an aircraft. When a pilot is 
flying a plane upside down and pushes the control stick 
forward, for example, the pilot wishes to go "down" from his 
or her perspective (which is actually "up" relative to the 
horizon) . 

Further description of the local Euler mode and 
other orientation modes (including Global Euler and 
Quaternions modes) is set forth in Appendix B, at pages 15- 
17. 

Besides receiving positional (and in the case of 
6D mode, attitude information) , system 1100 also receives 
user input from keys 103 6. In a preferred embodiment, at 
least one signal of the keys 1036 will cause continuation of 
the current mouse movement. If the user is moving the mouse 
103 0 forward, for example, the user may activate a key for 
continuing this forward movement regardless of how the mouse 
itself now moves. The continuing function may be applied to 
position movements, rotations, or both. The direction to 
continue may be determined to be the same direction as the 
mouse is facing (i.e., the mouse's viewpoint). 

Alternatively, the direction may be determined 
from a vector constructed from the last two mouse samples, 
or constructed from an average of a selected number of mouse 
samples. The "continue" function operates in either 2D or 
6D mode. 

Complementing the "continue" key, in a preferred 




52 

embodiment, at least one signal of the keys 1036 will cause 
reversal of the current mouse movement. If the user is 
moving the mouse 1030 forward, for example, the user may 
activate a "backward" key for continuing the movement in a 
reverse direction, regardless of how the mouse itself now 
moves . 

Despite having a finite "active area" in which to 
move a pointer device, system 1100 also provides the user a 
method and apparatus for traversing large virtual or screen 
distances. Unlike conventional 2-D mice, a 3-D mouse cannot 
be simply "stroked" on a desk top for traversing large 
screen distances (as described in the Background) . 
According to the present invention, at least one of the 
signals of keys 1036 includes a "suspend" apparatus for 
ignoring position movements, rotations, or both. Thus, 
mouse 103 0 may be repeatedly "stroked" across the active 
area, with the suspend apparatus invoked during the back 
stroke phase. In effect, mouse 103 0 may be moved large 
virtual distances regardless of the size of the active area. 
The "suspend" function operates in either the 2D or 6D mode. 

Also, keys 1036 activate a "push-to-talk" feature. 
In particular, at least one signal of the keys 1036 will 
activate a mouse microphone (e.g., microphone 1031, 
microphone 1032, and/or microphone 1033) to receive audio 
input from the user. The operation of the key may resemble 
that of a dictation machine, with audio received in response 
to one signal and halted in response to another signal; 
alternatively, one signal may serve as a toggle. 

The push-to-talk feature is particularly 
advantageous when used with voice recognition and multimedia 
applications. If more than one mouse microphone is 
activated, stereo audio input may be received by the mouse 
1030. Audio input received by the mouse is supplied to the 
control interface 1011, and in turn supplied to the computer 
1200 and/or the audio out 1059 (of Fig. 14) . 

In a preferred embodiment, the "push-to-talk" 
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feature is operably coupled to the "suspend" feature as 
follows. Activating the push-to-talk signal or mode also 
invokes the suspend mode. In operation, as the computer 
1200 is executing an application, such as a multimedia 
application, the user may invoke, press-to-talk for entering 
audio input, while at the same time suspending or freezing 
other input (e.g., graphic input). The continuing, suspend, 
and push-to-talk functions may be controlled by the device 
driver 1210, In response to a continue signal from keys 
1036, for example, driver 1210 continues to supply current 
mouse information to computer 1200. In response to a 
suspend signal from keys 1036, on the other hand, driver 
1210 temporarily suppresses the transmittal of mouse 
information to computer 1200.. Similarly, driver 1210 
provides audio input depending on the status of the push-to- 
talk button. 

Referring now to Fig. 17-18, an alternative 
embodiment of the present invention is described. In 
particular, an embodiment is provided in which other body 
parts (e.g., head), in addition to hands, are used for 
input. Input device 1300 includes a head tracker 13 3 0 for 
receiving acoustic signals from transducer 13 20 which is 
coupled to computer 1200 (and display 1250) through line 
1325. Head tracker 1330 includes a plurality of microphone 
elements, such as the three omni-directional microphones of 
mouse 1030. As shown, tracker 1330 may be worn like a hat, 
with the microphone elements substantially facing upward. 
In this embodiment, tracker 13 30 may include a display 
(e.g., LCD or CRT display 1250) positioned within the user's 
field of view. 

The transmitter apparatus 132 0 includes at least 
three ultrasonic transducers with a calibration microphone, 
such as those described for the transmitter apparatus 1020. 
Apparatus 132 0 is placed in a stationary position relative 
to the user's head. As shown in the embodiment of Figs. 17- 
18, apparatus 1320 may be suspended above the user for 
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tracking positional and rotational movement of the user's 
head. Thus, rotation of the user's head along the Y axis, 
e.g. , by spinning in a swivel chair, is yaw rotation. 
Rotation of the user's head along the X axis, e.g., by 
nodding side to side, is pitch rotation. Rotation of the 
user's head along the Z axis, e.g., by nodding back and 
forth, is roll rotation. Alternative orientations (e.g., as 
set forth in Appendix B) may be employed. 

In an alternative embodiment, the tracker may be 
disposed along the face of a user, for example, in the form 
of eyeglasses having three microphone elements. In this 
case, the transmitter apparatus will be positioned in front 
of the user (e.g., as shown in Fig. 15). 

While the foregoing embodiments (e.g., devices 
1100, 1150, 1300) have been described with reference to 
tracking a single pointer or mouse in space, the present 
invention (particularly, system 1150') is also capable of 
tracking multiple pointers in space with a single transducer 
frame. As shown in Fig. 19, for example, microphone 
apparatus may be placed on the user's head 1500, e.g., head 
tracker 13 30, as well as on each arm, e.g., hand trackers 
1331, 1332. Each tracker includes at least three microphone 
elements (e.g., elements 1031, 1032, 1033) for receiving 
acoustic signals from the transducer 1320. Other body parts 
may be tracked by placing tracking or pointing member 
accordingly . 

This may be used advantageously in computer-aided 
design applications where an operator may select objects on 
a display (virtual environment) independent of overall 
movement. Thus, the user may move or navigate within a 
virtual space (virtual reality applications) using the head 
tracker 1330 while hand trackers 1331, 1333 are used to 
effect operations, such as manipulating objects, within that 
space . 
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INDUSTRIAL APPLICABILITY 

Ultrasonic position locating devices are widely 
used as computer data input devices- The predominant 
current usages are for controlling the position of a curser 
on a computer screen to enable user interface with software, 
and to provide information about relative physical 
locations, as for digitizing aspects of a drawing. 
Additionally, applications for such devices are expanding 
very rapidly. Contemporary efforts to improve "virtual 
reality" systems, wherein users interface with a computer 
created environment, have created an increased need for 
improved position locating means. 

The ultrasonic position locating devices of the 
present invention may be utilized in any application wherein 
conventional digital computer input position locating 
devises are used. In addition, the increased precision of 
the inventive device and method will allow the present 
invention to find application wherein the positional 
interpretation of data input has heretofore been 
insufficiently accurate. The main area of improvement is in 
the ability of the present inventive method and devices to 
accurately measure the distance between a movable marker and 
a plurality of stationary reference points. 

Since the ultrasonic position locating devices of 
the present invention may be readily constructed and are 
compatible with prior art conventional positional locating 
methods, it is expected that they will be acceptable in the 
industry as substitutes for the conventional positional 
locating data input devices. Also, it is anticipated that 
the increased accuracy of the inventive devices will allow 
application of the inventive devices to data input 
applications wherein conventional positional input r /ices 
have been found to be insufficiently precise for practical 
application. For these and other reasons, it is expected 
that the utility and industrial applicability of the 
invention will be both significant in scope and long-lasting 
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in duration • 

While the invention is described in some detail 
with specific reference to a preferred embodiment and 
certain alternatives, there is no intent to limit the 
invention to that particular embodiment or those specific 
alternatives. Those skilled in the art, for example, will 
appreciate that other transmitted signals, such as infrared, 
radiowaves, and the like, may be employed for detection. 
The true scope of the invention is defined not by the 
foregoing description but by the following claims. 
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WHAT IS CLAIMED IS: 

1. An input device for a computer comprising: 
stationary transducer means; 

movable transducer means; 

means for propagating signals from one of the 
transducer means to the other; and 

control means, operably coupled to the stationary 
and the movable transducer means, for providing the computer 
with a relative position and an attitude of at least one of 
the transducer means relative to the other, based on 
propagation delays of the signals. 

2. The device of claim 1, wherein the propagating 
means include means for propagating signals from the 
stationary transducer means to the movable transducer means. 

3. The device of claim 1, wherein the propagating 
means include means for propagating signals from the movable 
transducer means to the stationary transducer means* 

4. The device of claim 1, wherein the stationary 
transducer means includes a first plurality of transducers 
arranged on a stationary frame and the movable transducer 
means includes a second plurality of transducers arranged on 
a pointing member. 

5. The device of claim 1, wherein at least one of 
the transducer means includes at least three transducers. 

6. The device of claim 1, wherein the stationary 
and the movable transducer means each includes at least 
three transducers. 

7. The device of claim 1, wherein the attitude 
includes yaw, pitch, and roll information. 

8. The device of claim 1, wherein the signals 
include ultrasonic wave bursts. 

9. An input device for a computer comprising: 

means for transmitting acoustic signals from 
at least three points in a first region; 

means for receiving said transmitted signals 
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at least three points in a second region; and 

means, operably coupled to the transmitting 
means and the receiving means, for providing the computer a 
distance and attitudinal orientation between the 
transmitting means and the receiving means. 

10. The device of claim 9, wherein said 
transmitted signals includes acoustic signals and said 
receiving means includes three ultrasonic receivers. 

11. The device of claim 9, wherein the providing 
means includes a means for calculating a propagation time 
for each signal and a known speed of sound. 

12. The device of claim 9, wherein the providing- 
means includes a means for determining yaw, roll, and pitch 
orientations between the transmitting means and the 
receiving means. 
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